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The present paper is part  of a  study of the  relations  of  certain 
blood  constituents  in  animals  as  affected  by  various  types  of 
environment and disease  (1,  2, 3).  The experiments to be reported 
deal with  the variations of calcium,  inorganic phosphorus,  lecithin 
and  cholesterol  in  the  blood  of  animals  inoculated  with  a  malig- 
nant  neoplasm  (4). 
Material and Methods 
The animals used were male rabbits from 6 to 8 months old at the beginning of 
the experiment.  While under  observation,  the animals were caged  separately, 
and kept in a welllighted (sunlight),  wellventilated room  with a southern exposure. 
The rooms were heated during  the  colder weather.  The diet  of  the  animals 
consisted of hay, oats, and cabbage. 
Three groups of l0 animals each were inoculated in one testicle with 0.3  cc. of a 
tumor emulsion.  Examinations of the blood were made at weekly intervals for a 
period of 2 months.  During this time, some animals died;  those that  survived 
were then killed and autopsied. 
The results for the control animals will be omitted as the general trend  and 
variation of results are comparable to the group previously reported (2).  More- 
over, a comparison of the values obtained for animals that recovered with those 
for animals that died is  more significant  than a  comparison made with normal 
values. 
At the conclusion of the experiment, the 30 animals comprising this series were 
divided into 2 groups:  (1) those animals in which death was due to the neoplasm, 
and (2) those recovering from the tumor inoculation.  The results obtained from 
these 2 groups of animals are presented in the present paper.  The results for the 
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12 animals in which death was due to the tumor (Group I) are presented in Table 
I, while  the  results  of the  18  animals  recovering from the  tumor  inoculation 
(Group II)  are presented  in Table II.  Each table is divided into  7  dates of 
record, the first recorded examination,  -14 days, are the results obtained 14 days 
preceding inoculation; second,  the results  obtained on the  day of inoculation; 
third, the results  +14 days after inoculation.  The subsequent 4 determinations 
were made at 7 day intervals.  The recorded values at "time of death" does not 
mean  all  animals  died  42  days  after  inoculation,  but  summarizes the  results 
obtained from these animals a day or two preceding expiration.  The data pre- 
sented in this paper are derived from experiments, the procedures of which were 
described in detail in a preceding paper  (1).  In all text-figures and tables the 
lipoid phosphorus is calculated and presented as lecithin. 
The pertinent features of the experiment may be summarized as follows: 
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Date of inoculation 
Nov. 17, 1927 
Jan.  19, 1928 
Mar. 27, 1928 
Observation period 
Oct.  27, 1927 to Jan.  12, 1928 
Jan.  5, 1928 to Mar. 22, 1928 
Mar. 15, 1928 to May 22, 1928 
Results 
The  results  of  the  observations  made  in  this  experiment  are 
presented  in  the  form of  tabulated  summaries,  Tables  I  to  III, 
which are supplemented by a  series of graphs,  Text-figs.  1 to  10. 
The mean values contained in Tables I  and II have been smoothed 
A+2B+C 
by the  formula  4  and  are  presented in  the graphs in 
terms of per cent variations from standard mean values, using for 
this purpose values obtained for animals living in the open labora- 
tory throughout the year.  These results were reported in a previous 
paper (2) and shall serve also as a  basis of comparison for. certain 
ratio values obtained in the present experiment. ALVIN  R. HARNES  111 
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DISCUSSION AND  CONCLUSIONS 
An examination of the results given in Tables  I  and II and the 
curves in Text-figs. 1 to 4 show certain striking differences between 
animals which died from the tumor and those that recovered.  The 
differences were  exhibited  chiefly in  the  variation  and  trend  of 
inorganic phosphorus, calcium, and cholesterol, the lecithin remain- 
ing more or less constant in both groups of animals. 
Inorganic Phosphorus.--At the beginning of the experiment, the 
inorganic phosphorus  (Text-fig.  1)  in Group  I  was slightly lower 
than that obtained for Group II.  At the time of inoculation both 
groups showed a  decrease in inorganic phosphorus but the relative 
position was the same.  The next examination, 14 days after inocu- 
lation, gave values of inorganic phosphorus which coincided.  From 
this period, Group I gave increasing values for inorganic phosphorus 
and at the end of the experiment the results were 60 per cent higher 
than those recorded at the time of the first examination.  Group 
II  showed  a  steady  decrease  in  inorganic  phosphorus,  the  final 
level for this substance being 20 per cent lower than that obtained 
at the first examination.  The inorganic phosphorus exhibited the 
highest per cent variation. 
Calcium.--The calcium (Text-fig. 2) in Group I, at the  --14 day 
period, was slightly higher  than that found in Group II.  With a 
gradual decrease in trend, this position was maintained until after 
the + 14 day period at which time the position of the 2 groups was 
reversed.  From this time, the results for  Group I  showed a more 
or  less  constant  level until  at  the  time of  the  last  examination 
the values obtained for calcium were decidedly lower than  those 
obtained for Group II.  The calcium in the blood serum of Group 
II  exhibited  an  uninterrupted  increase  beginning  14  days  after 
inoculation  and  continuing  throughout  the  remaining  period of 
the experiment. 
Cholesterol.--The  cholesterol  (Text-fig.  3)  content  of the whole 
blood in  Group  I  was  practically 20  per  cent  higher than  that 
found in Group  I  at  the  --14 day examination.  From this high 
level, the cholesterol in Group II showed a marked decrease which 
continued throughout  the  remainder of  the  experiment.  At the 116  BIOMETRY  OF  CALCIUM~ ~-TCo~ IN  BLOOD.  IV 
time of inoculation, the cholesterol content of the whole blood in 
Group I was practically the same as that of the preceding examina- 
tion.  From this time, however, the cholesterol increased rapidly, 
the  last  value  being  55  per  cent  higher  than  that  obtained  for 
Group  II. 
Lecithin.--The lecithin (Text-fig. 4) level for Group I was slightly 
higher than that found in Group II throughout the entire experi- 
ment, with the exception of the  results obtained at the  +35  day 
period.  At this time, the values for Group  I  were slightly lower 
than those for Group II.  From the beginning of the experiment, 
both groups exhibited a gradual decrease in lecithin which continued 
until  14  days  after  inoculation.  During  the  next  7  days  both 
groups remained practically constant.  From this period, Group II 
showed a gradual increase in lecithin, reaching a maximum on the 
+35 day examination.  At the time of the last examination, how- 
ever, the values were again lower than Group I.  The lecithin for 
Group  I  throughout  this  same  period  maintained  an  almost 
constant  level. 
Ratios 
The ratio curves  (Text-figs.  5  to  10  inclusive) are presented in 
terms of per  cent variation  of  the smoothed values from  stand- 
ard  ratios  (2). 
The calcium-inorganic phosphorus ratio  (Text-fig. 5) of Group I 
at  the  --14  day period was almost  10 per cent higher  than  that 
found in Group II.  At the time of inoculation, the ratio for Group 
I showed a slight decrease while in Group II the ratio was markedly 
increased.  From the time of inoculation throughout the remainder 
of the experiment, the ratio of calcium to inorganic phosphorus for 
Group  I  continued  to  decrease,  the  last  determination  being 36 
per cent lower than that found in Group II.  This low value was 
due to both an increase in inorganic phosphorus and a  decrease in 
calcium.  The trend of the ratio for Group II following inoculation 
showed a  decrease of  about  2  per  cent at  the  4-21  day period. 
From this time on,  however, the ratio in this group continued to 
rise, reaching its highest value at the time of the last examination. 
The lecithin-cholesterol ratio (Text-fig. 6) for Group I began with ALVIN R. HARNES  117 
a  value about  4  per  cent  above  the  standard.  From  this  time 
throughout the  entire  experiment,  the  ratio  for  Group  I  showed 
an uninterrupted decrease and at the last examination was 29 per 
cent below  Group  II,  the  decrease being  affected chiefly by  the 
marked increase in cholesterol occurring in this group of animals. 
At the  --14  day examination,  the lecithin to cholesterol ratio  in 
Group II was some 16 per cent lower than that found in Group  I. 
Throughout the next 28 day period, the ratio trend showed a slight 
decrease.  During the next  7  days there was a  tendency toward 
stabilization.  Following this period of stabilization, however, the 
ratio trend in Group II showed a marked increase which continued 
throughout the remaining period of the experiment. 
The cholesterol-calcium ratio (Text-fig. 7)  for animals in Group 
I  began with a value slightly under the standard.  There occurred 
a gradual increase in the ratio up to the +14 day period.  Follow- 
ing this, the ratio increased very rapidly and at the time of expira- 
tion the value for the cholesterol-calcium was 80 per  cent  higher 
than  that  found  at  the  --14  day  examination.  This  high  ratio 
value was due to  both  an increase  in  cholesterol and a  decrease 
in calcium.  The cholesterol-calcium ratio for animals in Group II 
at  the  --14  day  examination was  25  per  cent  higher  than  that 
found in the animals of Group I.  From this initial value, the ratio 
trend continued to  decrease gradually until  the  +21  day period. 
Following this date, the decrease which continued throughout the 
remainder  of  the  experiment,  was  more  rapid  and  at  the  final 
examination was practically 18 per cent lower than the first deter- 
mination.  A  more detailed discussion of calcium-cholesterol rela- 
tionship will be presented in a  subsequent paper. 
The trend of the lecithin-inorganic phosphorus ratio (Text-fig. 8) 
for both groups was somewhat similar to that of calcium-inorganic 
l~hosphorus.  At ~the  --14  day  examination,  Group  I  showed  a 
ratio level about 5 per cent higher than  Group  II.  With a  slight 
decrease in  trend,  the  2  groups maintained practically the  same 
relationship until the  421  day period when their ratio positions 
were reversed.  From this date, the ratio for animals  of  Group  I 
showed a  rapid decrease while that for Group  II  gave increasing 118  BIOMETRY  OF  CALCIUM,  ETC.~  IN  BLOOD.  IV 
values.  This  change in position  for both  groups of animals  can 
be attributed chiefly to the variation of inorganic phosphorus. 
The lecithin-calcium ratio  (Text-fig.  9)  for animals in  Group  I 
was slightly lower than that found  in  Group  II.  At the time of 
inoculation  and  throughout  the  following  +14  day  period,  the 
r~tios  for  both  groups  coincided.  At  the  time  of  the  +21  day 
examination, the ratio for  Group  I  was  slightly higher  than  that 
found in Group II.  This position continued throughout the remain- 
der of the experiment and at the time of the last  examination the 
animals of  Group  I  gave a  ratio  for  lecithin-calcium 14 per cent 
higher than that of Group II. 
The cholesterol-inorganic phosphorus ratio (Text-fig. 10) showed 
the  least  per  cent  variation.  Group  I  which  at  the  --14  day 
examination gave a  ratio value 10 per cent  higher than Group II, 
showed  a  gradual  decrease  in  trend  until  the  +14  day  period. 
During the next 14 days a  slight increase occurred to be followed 
by  a  rapid  decrease.  This  decrease  occurred  at  the  +35  day 
examination and was the only time during the experiment when the 
cholesterol to  inorganic phosphorus  ratio  for  Group  I  was below 
that of Group  II.  This final examination resulted in  a  value for 
Group I  which was 10  per cent higher than that found  in  Group 
II.  During the  14  days preceding inoculation,  the  trend  of  the 
Cholesterol-inorganic phosphorus ratio for Group II paralleled that 
of Group I.  Following inoculation the ratio for Group II gradually 
increased, reaching its highest level on the  -t-28 day examination. 
From this time, the ratio decreased, the decrease being more rapid 
throughout the last 7 days of the  experiment. 
It will be noted that in  all  ratio curves the change in position 
or  trend  occurred  about  21  days  after  inoculation.  This  cor- 
responds in a measure with the clinical course of the disease, for it 
is about this time that the ultimate fate of the animal is determined; 
from this point onward the tumor either pursues a malignant course 
or is gradually brought under control  and  recovery begins. 
In  the following table  a  comparison is  made  between the  two 
groups of animals with respect to their ratio positions  at the end 
of the experiment, 1 representing the highest and 4 the lowest value. ALVIN  R.  HARNES 
Ratio Positions of Tumor Animals 
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Group  Ca./P.  Lec./Chol.  Chol./Ca.  Lec./P.  ChoL/T.  Lec./Ca. 
II  1  1  4  1  4  1 
I  4  4  1  4  1  1 
When compared with a previous report on the influence of light 
environment (3), it will be noted that with the exception of the choles- 
terol to inorganic phosphorus ratio, the animals in Group I occupy 
a  position similar  to  that  of animals  exposed to  the  ultra-violet 
light, while Group II occupies a  position similar to animals living 
in total darkness. 
Correlation 
The coefficients of correlation for both groups of animals calcu- 
lated on the basis of trend,  individual mean values, and for each 
group series, are presented in Table III.  It will be noted that the 
highest negative  r  inorganic phosphorus-calcium occurred  in the 
animals of Group I.  In  Group II the r  calcium-cholesterol were 
all positive while in Group I these same coefficients were all negative 
and of a  somewhat greater magnitude.  The r  cholesterol-lecithin 
were all positive in Group II.  These values while rather small were 
all negative in  Group I. 
Summarizing the results of this experiment, it will be noted that 
animals  in  which  the  tumor proved  most  malignant  (Group  I) 
there occurred a  marked increase in  inorganic phosphorus of the 
blood serum and cholesterol of the whole blood and a  decrease  in 
serum calcium.  The ratios of cholesterol to  calcium and lecithin 
to calcium increased in trend following inoculation, while the ratios 
of  calcium  to  inorganic  phosphorus,  lecithin  to  cholesterol,  and 
lecithin  to  inorganic  phosphorus  showed  a  marked  decrease  in 
trend.  The  animals in  Group  II  exhibited  trends  and  ratios  of 
these 4  blood constituents similar to the control animals (2). 
SUMMARY 
Experiments are reported in which it was shown that the calcium, 
inorganic  phosphorus,  cholesterol,  and  lecithin  in  the  blood  of 120  BIOMETRY O~  CALCIU~I, ETC.~ IN  BLOOD.  IV 
normal rabbits  were influenced  by  inoculation  with  a  malignant 
tumor  (4). 
Animals in which death was due to tumor gave results on which 
the  following conclusions are  based: 
1.  A  marked increase in  inorganic phosphorus  of  blood  serum 
and cholesterol of whole blood  followed inoculation. 
2.  The ratios of  cholesterol to  calcium and lecithin to  calcium 
increased  in  trend,  while  the  calcium  to  inorganic  phosphorus, 
lecithin to cholesterol, and lecithin to inorganic phosphorus ratios 
showed a  marked decrease in  trend. 
3.  The r  cholesterol-lecithin were all negative. 
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